Soluble proteins derived from a centrifuged and filtered granule-rich fraction of homogenized rat submandibular gland were analyzed by gel filtration, ion-exchange chromatography, and polyacrylamide gel electrophoresis. Both the granule-rich fraction and final supernatant fraction contained alkaline esterase activity. The major protein component, derived from granules of the convoluted tubules, was further resolved into a series of peptides ranging in molecular weight from 9,000 to 55,000 daltons.
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A number of preparations with soluble trypsinlike enzymes have been derived from homogenates of rat and mouse submandibular glands (SMGs).1-13 For the most part, however, these studies did not deal with the distribution of these enzymes within the subcellular compartments. Therefore, it was difficult to determine whether the enzymes were synthesized for use within the cell or rather for a secretory function.
In rat SMGs, both renin and kallekrein activities appear to be associated with alkaline esteropeptidase-rich granule preparations, whereas in similar preparations from mouse SMGs, elevated levels of nerve growth factor (NGF) and epidermal growth factor (EGF) have been demonstrated in addition to renin and kallekrein activities.14-17 In a previous article, our laboratory reported the distribution of alkaline esteropeptidase 948 (AEP) activity in all centrifugal fractions of rat SMGs and the isolation of a fraction rich in granules resembling those of the convoluted tubules of this gland. 18 The present article reports details of isolation, partial purification, and immunohistochemical localization of enzymes from the cytosol and granule-rich fractions.
Materials and Methods
Adult male Sprague-Dawley rats weighing 400 to 500 gm each were maintained in our animal care facilities before they were killed. Pairs of submandibular glands were excised from each of six rats, cleaned, and fractionated by differential centrifugation. The crude, granule-rich fraction (P2) and the final supernatant fraction (S4) were purified as previously described. 18 The P2 fraction was then washed with the same buffer several times and filtered through nuclepore filtersa to obtain the washed and filtered granule-rich fraction (wfP2). Smears prepared from the resuspended wfP2 fraction were stained with toluidine blue and examined routinely under the light microscope for quick estimation of the purity of the P2 preparation. Satisfactory preparations were examined by light and electron microscopy by routine methods. The wfP2 fraction obtained in this manner constituted starting material for the isolation and purification of proteins reported in this article.
ASSAY METHOD FOR ESTEROPEPTIDASES.-For measuring the esterase activity, 0.5 mM a-Nbenzoyl-L-arginine ethyl ester (BAEE) b was used as a substrate in a 0.1 M glycine-NaOH buffer at a pH of 9.2 or a 0.1 M Tris-HCl buffer at a pH of 8.0. The esterase activity was followed by measuring the rate of change of absorbance (with time) at a 253-nm wavelength with use of a double-beam recording spectrophotometerc.l8 Total activity was expressed as the number of ,umoles of benzoyl-arginine produced per minute per fraction. Protein concentrations were measured according to the method of Lowry et al,19 using bovine serum albumin as the standard.
CHROMATOGRAPHIC PURIFICATIONs.-The wfP2 fraction was suspended in a 0.01 M Tris-HCl buffer at a pH of 7.4 and subjected to rapid freeze-thaw seven times. The suspension was then centrifuged at 11,000 x g for 15 minutes at 4 C. The supernatant fraction was subsequently dialyzed against a 0.01 AM Tris-HCl buffer (pH, 7.4) and then was lyophilized. The sample was then reconstituted in a 0.01 M Tris-HCl buffer (pH, 7.4) and subjected to gel filtration and ion exchange chromatography. In addition, the S4 fraction was dialyzed against a 0.01 M Tris-HCl buffer (pH, 7.4), lyophilized, reconstituted in the same buffer, and also fractionated by gel filtration and ion-exchange chromatography at 4 C.
For gel filtration, beads of Sephadex GlOOd were allowed to swell in a 0.01 M Tris-HCI buffer (pH, 7.4) for three days in the cold without heating or stirring. A slurry of swollen beads was packed into a 2.5 X 100-cm column to the 83-cm level. The void volume of this column was 110 ml as determined by the complete elution of Blue Dextran 2000. The gel beads were washed by passing several volumes of buffer through the gel bed (bed volume of 402.5 ml). The protein preparation from either the wfP2 fraction or the S4 fraction was then placed on the column and eluted with the same buffer. The column eluate was monitored for absorbance at 280 nm.
For ion-exchange chromatography, 3 cellulose to remove non--y globulin contaminants, dialyzed against borate buffered saline,22 and lyophilized. For conjugation of peroxidase to antirabbit yglobulin, 50 mg of horseradish peroxidasek was added to 50 mg of purified commercial goat antirabbit seruml in 2 ml of a 0.5 M sodium carbonate buffer, with a pH of 10.2. Conjugation was brought about by the addition of 0.75 ml of 0.5% p,p'-difluoro-m, m'-dinitrophenylsulfone (FNPS) .m The mixture was stirred for four hours at 4 C.23 Then, the mixture was dialyzed against PBS for two days. Conjungated y-globulin was then separated from peroxidase by precipitation with ammonium sulfate at 50% saturation. Precipitated -y-globulin was removed by centrifugation at 5,000 x g for ten minutes in the cold. The precipitate was dissolved in the original volume of PBS and the precipitation procedure repeated twice more. Portions of the conjugated antiserum were treated with liver powder just before use to remove nonspecific antibody.
Slices of adult male rat SMG, with sub- Results Table 1 shows the distribution of esterase activity in centrifugal fractions. In this study, the P. contained approximately 40%, and the S4 approximately 60% of the total activity of the starting homogenized glandular material. After the P2 had been washed and filtered through a series of nuclepore filters, 26%, of the total activity (that is, 7, 160 ,4moles BAEE hydrolyzed/fraction/minute) remained in the wfP2 fraction. The granule content of the pellet was estimated at 70 to 80%, of the total number of particles in the wfP2 preparation.
CHROMATOGRAPHY AND ELECTROPHORESIS OF P2 FRACTION.-Eighty percent of the resuspended wfP2 fraction (5,728 ,umoles BAEE hydrolyzed/min) was prepared for gel filtration as described. The soluble material placed on the column had a total activity of 3,122 jtmoles BAEE hydrolyzed/min. Therefore, approximately 45% of the activity was lost in the process. After freeze-thawing the centrifugal pellet contained a few incompletely "dissolved" granules, which accounts for some of this loss. The reconstituted sample was then eluted from the Sephadex G-100 column in four peaks (Fig 1) . Approximately 96% of the total BAEE placed on the column was eluted in fractions 12 to 21. Maximum specific activity was associated with fraction 17 ( Figure 3 shows the elution pattern obtained from gel filtration of the S4 fraction on a Sephadex G-100 column. Five to six proteins were present in the resultant fractions. Three of these are shown in Figure 3 . Esterase activity was always associated with protein in a shoulder of peak I (area II) and in peak III. Fractions 12 to 19 represented 99% of the total eluted esterase activity. Fractions 12 to 19 were chromatographed on DEAE cellulose and gave an elution of at least three discrete protein peaks (I, III, and VI) and three shoulders (areas II, IV, and V) (Fig 4) . Esterase activity was associated with the protein peaks, I, III, and VI.
Fractions 20 and 30 from the DEAE cellulose column were also subjected to non-SDS polyacrylamide gel electrophoresis. Fraction 20 gave two discrete protein bands and several minor bands (Fig 5,B) , whereas fraction 30 gave two partially separated major bands and one minor band (Fig 5,A) . The minor band may be a contaminating protein from fraction 20 . Furthermore, gels of fraction 30, but not of fraction 20 , gave a strongly PASpositive band corresponding in position to the Coomassie Brilliant blue-staining band.
IMMUNODIFFUSION OF PURIFIED FRACTIONS.- Figure 6 is a typical agar gel from the immuno-double diffusion studies. The central well contained purified undiluted antibody preparation. Wells 1 and 4 contained the original antigen (S4) diluted 1:32, which was the optimal dilution as determined by immunodiffusion. Undiluted fractions 22, 28, 31, and 33 from the DEAE cellulose column (Fig 7) were placed in wells 2, 3, 5, and 6, respectively. A continuous double diffusion ring (series of arcs that converge at approximately 2.5 mm away from the edge of the central hole) was formed. Therefore, the S4 fraction and the four DEAE cellulose column-purified fractions from wfP2 appeared to contain a single cross-reactive antigen.
IMMUNOHISTOCHEMISTRY.-The peroxidase reaction site, indicating presence of antigenic protein, was limited to discrete units in the submandibular gland but not the sublingual gland. The ductal structures of the SMG were stained dark brown which was interpreted as a positive reaction. In contrast, acinar cells of the SMG as well as all of the sublingual gland structures gave a negative reaction. At a higher magnification of the SMG ductal structures, the granules in the convoluted portion of the ductal system showed the most intense reaction (Fig 8) . The to concentrate our enzyme preparation so that one fraction from the DEAE cellulose column had a specific esterase activity of 535
Mmoles BAEE hydrolyzed/mg protein/min.
This is approximately a third of the specific activity reported for the purified rat SMG enzyme, salivain,7 as well as the specific activity of purified mouse SMG protein "inducible" by testosterone injections.3 Apparently, there are a larger number of soluble trypsinlike proteases in crude gland extracts of mouse SMG than in a similar preparation of rat SMG. Ekfors and HopsuHavu26 described six esteropeptidases from mouse SMG homogenates ranging in molecular weights from 25,000 to 30,000 and exhibiting optimum pH values of 8.0 to 10-5. In contrast, the same group earlier reported only three enzymes from a similar rat SMG preparation with optimum pH values of 8.0 to 9.3 and with molecular weights of 22,000 to 30,000.6 Although fluorescein-labeled antibody to one of the six mouse esteropeptidases was localized over the convoluted tubules,27 there is no evidence for intercellular localization of the rat SMG enzymes.
In the present study, the immunohistochemical reaction localized the antigenic protein from the S4 fraction to granules of the convoluted tubules. This finding as well as the single, arching precipitation line without spurs observed on immunodiffusion plates suggests that a major cytosol protein (Fig 3) from DEAE cellulose column (Fig 7) . Single, continuous, and converging precipitation line at site of formation of insoluble antigen-antibody complexes. Figure 1; Protein digestion is only one biologic activity associated with AEP activity in both rat and mouse SMG. Other activities implicated include: kallekrein and renin activity in rat glandlI617 and mouse gland15 and factors that promote in vivo and in vitro growth of sensory and sympathetic nerve cells14,32 and enhanced epidermal growth in newborn mice and cultured embryonic epidermis and mammary epithelium.14,33 These factors also seem to manifest AEP activity. For example, the purified y subunit of nerve growth factor (NGF) from mouse SMG was able to hydrolyze 180 ttmoles BAEE/mg protein/min.34 Also, a rat SMG granule preparation having kallekrein activity also had a specific esterase activity of 173 ,{moles BAEE/mg protein/min. ' 
Conclusions
The granules of the convoluted tubules of the rat SMG contain a number of proteins with alkaline esteropeptidase activity which may at the same time be responsible for biologic activity simulating that of renin and kallekrein. In addition, they may be capable of promoting the growth of various cell populations as shown with factors found in mouse SMG. There is a contradiction then between the apparent zymogen nature of these granules, which are secreted into the saliva, and the endocrine nature of their biologic activity. This suggests that there may be more than one granule population in these tubules, that salivary enzymes are able to enter the blood stream by a yet undescribed pathway, or that there are structural and functional similarities between the salivary enzymes and factors secreted by other tissues.
There are still a large number of unanswered questions concerning the enzymes derived from rat SMG. What are the structural relationships between these enzymes and similar proteins in mouse SMG associated with renin, kallekrein, EGF, and NGF activity? If these biologic agents are indeed esteropeptidases, does specificity of biologic action reside in molecules on cell surfaces of responsible tissues or in the active sites in the enzyme structure or both? Evidence is accumulating also that NGF and other growth factors from mouse SMG may not act directly on neurons, but instead affect cells associated with the neurons, for example, mesenchymal cells, which in turn support the neurons by other mechanisms.39,42 Thus, the mechanism of action as well as the method of transport of small polypeptide hormones to responsive tissues will be enhanced by further study of these salivary gland proteins.
